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INTRODUCTION 

The work under t h i s  Grant w i l l  be generally concerned with the  

generation, control, and s t ab i l i za t ion  of op t i ca l  frequency radiat ion.  

A t  present, the  projects under t h i s  Grant may be divided in to  two gen- 

e r a l  categories: F i r s t  a r e  those which a re  concerned with the control  

of normally multimode lasers  by means of i n t e rna l  time varying pertur- 

bation. 

l a t ion  i n  ionized argon, a combined theore t ica l  and experimental study 

These projects include an  experimental study of FM laser ,  o sc i l -  

of two techniques fo r  obtaining a high power single frequency laser ,  and 

a detai led theore t ica l  study of nonlinear AMtype mode locking. The 

projects  of t he  second category a re  those concerned with the  generation 

of l i gh t  by means of parametric processes i n  nonlinear media. These in -  

clude a combined theore t ica l  and experimental study of op t i ca l  parametric 

o sc i l l a t ion  wherein the nonlinear element i s  placed in te rna l ly  t o  the  

cavi-ty of the pumping laser ;  and a second project whose goal i s  the  

parametric generation of l i gh t  without the  need for  multiple op t i ca l  

cav i t ies .  In the  following sections we w i l l  b r i e f l y  review the s t a tus  

of each of t he  above projects.  

During this period the  following publications have been s d m i t t e d  

fo r  publication and are  included as Appendices. 

S. E. Harris, "Stabilization and Modulation of Laser Oscil lators by 

In te rna l  Time-Varying Perturbation, " t o  be published i n  the  jo in t  

issue of t he  Proc. of IEEE and Applied Optics, October 1966. 
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S. E. Harris, "Proposed Backward Wave Qsci lha t ion '  &n:--h&. Snfydrltd, 1' 2 

t o  be puljli'sBed; Pipplied PhysScs #Letters .  

0. P. McDuff and S. E. Harris, "Nonlinear Theory of the  Internal ly  Loss 

Modulated Laser, " submitted t o  the  Journal of Quantum Electronics. 

The following o ra l  disclosures have a l s o  been presented: 

L. Osterink, R. Byer, and S. E. Harris, "The Internal ly  Phase-Modulated 

Laser with Frequency Selective Output Coupling, '' Quantm Electronics 

Conference, Phoenix, Arizona, Apri l  1966. 

S. E. Harris and M. K. Oshman, "Internal Parametric Oscil lation," 

Conference on Electron Device Research, Pasadena, California, 

June 1966. 
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PRESENT STATUS 

1. FM Oscil la t ion i n  the Argon Laser and Single Frequency Techniques 

(L. Osterink, L. Byer, and S. E. Harris) 

During t h i s  period the  work on this project has been en t i r e ly  

experimental and has consisted of operating an argon FM laser ,  studying 

i t s  quenching properties,  and using it t o  obtain high power i n  a s ingle  

frequency. 

a bore of 2 mm. 

KDP, driven at 405 MHz. 

The l a se r  used was de excited, had a length of 65 em, and 

The in t e rna l  element w a s  a 5 em crys ta l  of 45' z-cut 

Experiments performed and conclusions reached 

during t h i s  period were as follows: 

(a) It was  experimentally demonstrated tha t  an argon laser  could 

be operated i n  an FM or phase Locked manner with only every t h i r d  cavi ty  

mode coupled. This i s  s ignif icant  i n  tha t  t he  f r ee  running l a se r  has a l l  

modes osc i l l a t ing  i n  a highly competitive and nonquenched manner. 

(b)  In  conjunction with R. Targ of t he  Advanced Technology &bora- 

t o r i e s  of Sylvania Electronic Systems, an experiment was performed t o  

determine the a b i l i t y  t o  obtain FM or phase locked operation as a function 

of power output i n  the 48Sd and 51458 argoq l ines .  

a t  power levels  as high as 300 mw with modulation depths 

about 4 and 10 were obtained. 

l a se r  with a driving frequency equal t o  4c/2L . A quenched osc i l l a t ion  

could not be obtained i n  the  488d l ine .  

Successful operation 

(ud/um) between 

An attempt was made t o  operate an argon 

In  the  514$ l ine ,  successful 

operation w a s  obtained but showed some ins t ab i l i t y .  
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( e )  Experiments were performed which demonstrated the  method of 

frequency:slective coupling i n  argon. This technique consis ts  of r e -  

placing one of t he  cavity mirrors with a frequency select ive output 

mirror, i .e., a Fabry-Perot etalon. 

description and references.) 

s ingle  frequency power of about 50 mw from a l a se r  with a f r ee  running 

power of about 100 mw. However we f ind  that the  technique suffers  from 

severe s t a b i l i t y  problems and w i l l  thus probably not be pursued fur ther .  

(See Appendix I f o r  a more thorough 

Using this technique we have obtained a 

The method does appear t o  be the best  sui ted f o r  a wide inhomogeneously 

broadened atomic l ine .  

(d )  I n  conjunction with R. Targ of Sylvania, experiments have been 

pursued on the super-mode technique, wherein the  output s igna l  from an 

FM la se r  i s  passed through a n  external FM modulator and i s  reconverted 

t o  a s ingle  frequency. 

an external  LiNbO modulator, a single frequency output of over 200 mw 

has been obtained. A t  thris point the efficiency of the  process ( r a t i o  

of single frequency power t o  t o t a l  power of the free-running l a s e r )  i s  

about 4 6  and w i l l  probably be improved short ly .  Ea r l i e r  work on t h i s  

project has been supported by the Aeronautical Systems Division of t he  

United States  A i r  Force under Contract AF 33(637)-11144. 

(See Appendix I f o r  fur ther  d e t a i l s . )  By using 

3 

2.  Nonlinear Theory of the  Internal ly  Loss Modulated h s e r  

(0. P. McDuff and S. E. Harris) 

. 
The purpose of t h i s  project i s  t o  invest igate  the  de ta i led  behavior 

of a loss modulated laser .  

theore t ica l .  Im-portant r e s u l t s  obtained include: (a)  Determination of 

The work during this period has been primarily 
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the  minimum perturbation s t rength necessary t o  produce locking as a 

function of atomic gain and linewidth. 

amplitudes and minimum pulse width as a function of drive strength.  

( c )  

(b)  A study of maximum pulse 

A comparison of AM versus FM type locking. 

Detailed r e su l t s  a re  given i n  the paper "Nonlinear Theory of the  

Internal ly  Loss Modulated Laser" which i s  included as Appendix 11. 

Ear l ie r  work on t h i s  project has been supported by the  Aeronautical 

Systems Division of the United States A i r  Force under Contract AF 33(657)-11144. 

3 .  Parametric Oscil lation at Optical Frequencies 

(M. K. Oshman, C. Constantinou, and S. E. Harris) 

The purpose of t h i s  project i s  t o  study, both experimentally and 

theore t ica l ly ,  parametric generation at  op t i ca l  frequencies. Since 

powerful l a se r  sources a re  available at only a few d iscre te  op t i ca l  

wavelengths, it i s  the  parametric process which must be r e l i ed  on t o  

scan the op t i ca l  spectrum. 

consis ts  of a strong pumping laser  coupled through a nonlinear mater ia l  

t o  resonant c i r c u i t s  at an i d l e r  and s igna l  frequency such tha t  

The basic  op t i ca l  parametric o sc i l l a to r  

v + v i = v  
S P 

The i n i t i a l  e f fo r t  on t h i s  project i s  a theo re t i ca l  study of t he  

dynamics of a n  opt ica l  parametric o sc i l l a to r  wherein the  nonlinear 

material  i s  s i tua ted  in te rna l ly  t o  the cavi ty  of the  pumping l a se r .  

The motivation f o r  t h i s  study i s  two fold: F i r s t  i s  the  desire  t o  

make use of t he  strong pump f i e l d s  exis t ing inside the  laser  cavity. 

A second more subt le  reason i s  t o  avoid the  power dependent re f lec t ions  

of the pump which a re  present when a parametric o sc i l l a to r  i s  driven 

with an external  pumping source. 
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The pr incipal  r e su l t s  thus f a r  obtained i n  this study a re  as follows: 

(a) Depending on the parameters of the  system, an in t e rna l  parametzic 

osc i l l a to r  may operate i n  three d i s t inc t  modes of operation. F i r s t  there  

i s  the expected steady-state solution wherein the pump limits, and as 

l a se r  gain i s  increased t h e  available power i s  fed i n t o  the  s ignal  and 

i d l e r  c i r cu i t s .  The second type of steady-state solution i s  characterized 

by the  fact  t h a t  the laser  gain be greater than the  sum of the losses  of 

the  signal,  i d l e r ,  and pump. I n  t h i s  solution, increases i n  laser  gain 

i n  e f fec t  dr ive the  frequencies, ra ther  than the amplitudes of the s igna l  

and i d l e r  modes. The r e su l t  i s  a sharp loss  i n  parametric efficiency. 

The t h i r d  type of solution i s  a periodic relaxation osc i l l a t ion  wherein 

t h e  pump, s igna l  and i d l e r  modes a l l  pulse with repe t i t ion  r a t e s  of about 

1-2 microseconds and with pulse widths which a re  typ ica l ly  about a few 

tenths  of a microsecond. 

A study of the question of parametric eff ic iency has been begun. 

Results indicate  tha t  i n  many p rac t i ca l  cases it w i l l  be possible t o  ob- 

t a i n  very nearly the  Manley-Rowe limited f rac t ion  of the available power 

of the pumping l a se r .  That i s ,  though it w i l l  be d i f f i c u l t  t o  reach 

threshold, once threshold i s  reached large tunable power outputs w i l l  

be obtainable. 

- 

(b)  

I n  addition t o  the above analysis,  the  construction of an experi- 

mental setup has been begun. An argon ion laser  w i l l  be u t i l i zed  a's a 

pump, with 90 oriented Limo3 as the nonlinear element. 0 
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4. Backward Wave Oscillation 

(C.  Someda and S. E. Harris) 

We have recently proposed the  poss ib i l i t y  of a backward wave 

parametric o sc i l l a t ion  i n  the  infrared. In t h i s  technique the feed- 

back i s  provided in te rna l ly  t o  the  nonlinear crystal ,  and the need f o r  

op t i ca l  cavaties with t h e i r  attendant d i f f i c u l t i e s  of alignment and 

s t a b i l i t y  a re  therefore avoided. A device which i s  conveniently tunable 

over a large portion of the  infrared spectrum could r e su l t .  

of t h i s  proposed technique a re  given i n  Appendix 111. 

The d e t a i l s  

A t  t he  present time, we expect t o  have considerabl? d i f f i cu l ty  i n  

obtaining good single c rys t a l  selenium. A s  a r e su l t ,  the  experimental 

work on this project may be detained. 
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APPENDICES 

I S. E. Harris, "Stabilization and Modulation of Laser Oscil lators 

by In te rna l  Time-Varying Perturbat ion:, ,!' ' Microwave Laboratory 

Report No. 1429. 

0. P. McDuff and S. E. Harris, "Nonlinear Theory of the  Internal ly  

Loss Modulated Laser," Microwave Laboratory Report No. 1444. 

I1 

I11 S. E. Harris, "Proposed Backward i W a ~ ~ : i . : ~ ; ~ ~ , ~ ~ ~ i o ~ ~ c i n X  rdre d, " 

&Ecmco,wave z i & ~ ~ ~ a % ~ c s ~ ~ y  Bqmr;t ~RD., " 
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